Introduction
The effect of anodic and cathodic reactions of a bipolar electrode on the oxidative degradation of phenol in an undivided bipolar electrolyzer was reported in the previous paper.
3) The purpose of this work is to clarify the change in product concentration and CODwith total coulombs under various conditions of electrolysis.
The relationship between energy consumption for reducing the CODand operating conditions will also be discussed.
Experimental
The experimental apparatus was the same as described in the previous paper.3) Nitrogen was supplied to a solution containing phenol at 1.4cm-s"1 while oxygen was employed when the solution contained ferrous ions with phenol. The solution temperature was raised gradually with time to several degrees above the 293 K starting temperature for most experiments. Whenelectrolysis was conducted in a solution of6.8 S-m"1 under oxygen sparging, the temperature was raised to 318 K at the final stage. Electrolysis was also conducted with a pair of flat-plate graphite electrodes (70mmx45mmx 5mm)at a distance of 30 mm, located in a cylindrical cell containing 0.3 dm3 of the same solution as control. Figure 1 shows the product concentration, the COD,the amperage, the solution pH and the electri- The concentration of phenol decreased with increasing amount of electricity and reached almost zero at Q/Qt of0.25 or more. The CODdecreased sharply at the early stage of electrolysis, while the decomposition rate decreased with time. Meanwhile, the concentration of oxidized products increased to their maxima with the increase of total coulombs. It was found that /?-quinone produced by anodic oxidation of hydroquinone was reduced to hydroquinone when nitrogen was sparged into the solution, probably due to by stimulation of mass transfer from the bulk of solution to the cathode surface. Therefore, it was concluded that introduction of nitrogen gas into an undivided cell was inapplicable. With an undivided cell, on the other hand, the pH did not change during electrolysis since the charge transfer of proton at the cathode was almost equal to the formation rate of proton at the anode. Figure 3 shows the results at E=30V or EB= 1.2Y. The decomposition rate of phenol with respect to total coulombs at E=30Ywas smaller than that at £=50V, but the concentration of oxalic acid was decreased by decreasing the cell voltage. Carboxylic acids formed by chemical oxidation of the effluent containing organic compounds were difficult to decompose with Fenton's reagent.1] Oxalic acid was decomposed by electrochemically generated Fenton's reagent while the reaction rate was low.4) It was reported by Fukuda2) that oxalic acid was oxidized effectively by electrolysis with the /?-PbO2 anode. The concentration of oxalic acid was also decreased by anodic oxidation using graphite electrode as shownin Fig. 4 . Since the contribution of anodic oxidation to oxidative degradation at EB= l.2Y was larger than that at EB=\.lV, as indicated in the previous paper,3) the electrolysis condition ofEB= 1.2 was found to be effective for complete degradation of phenol. Seminar, p. 34 (1982) .
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Sequential Cell Flowgraph Construction
An algorithm for the problem of the packed tower process has previously been reported,7) along with a detailed procedure of sequential cell flowgraph construction.
In brief, the procedure consists of tabu-JOURNAL OF CHEMICAL ENGINEERING OF JAPAN
